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1 
The present invention relates to a novel method 
for producing steel, and more particularly to a 
method for producing steel whereby a carbona- 
ceous material is relied upon fo provide af least 
a portion of the carbon required in the operation. 
The manufacture of steel by the basic open 
hearth process, for example, as if has been prac- 
tice for years involves essentially the purifica- 
tion of basic pig iron by the elimination of silicon, 
manganese, and phosphorus. C'arbon is also un- 
avoidably eliminated, but since the pig iron is 
relatively high in carbon, the elimination of car- 
bon fo a predetermined extent is necessary in 
order fo result in the lower carbon content re- 
quired in the steel. Normally other ferrous ma- 
terials, such as return scrap steel, heavy melting 
scrap steel, iron ore, and the like, are included 
along with the pig iron in the charge fo the open 
hearth furnace, ttowever, the pig iron usually 
makes up about 45% or more of the metal charge. 
In recent years, however, the supply of pig iron 
was inadequate fo meet the demands of the in- 
dustry. In addition, in steel-manufacturing 
plants which do hot produce their own pig iron, 
if is normally economically advantageous to em- 
ploy as little pig iron as possible. Thus, the use 
of various carbon-supplying substitutes for the 
pig iron was attempted, the most logical of these 
being cast iron scrap because of ifs proximate 
carbon equivalent to pig iron. OEïe use of this 
material as the main carbon-supplying ingre- 
dient, however, gave fise to many problems. 
These were due mainly fo the cast lron's erratic 
analysis of carbon and silicon which gave incon- 
sistent results. This was especially detrLmental 
fo operations requiring a speciflc high carbon con- 
tent af meR. In addition, cast iron being higher 
in sulfur and phosphorus than basic pig iron, 
there was offert trouble in reducing the content 
of these elements in the molten steel fo the speci- 
fled maximum. 
To eliminate these dflïiculties and fo reduce 
costs by the reduction or elimination of the cast 
iron scrap and pig iron, tie use of other sources 
of carbon was attempted. Various cokes such as 
itch coke, petroleum coke, and metallurgical 
coke; anthracite coal, and charcoal were em- 
ployed with varied and offert erratic results. 
Some of these carbonaceous materials created a 
gassy or foamy condition in the slag which de- 
flected the heat from the burner, overheating the 
roof and shortening furnace lire. 
In other cases slag-coated lumps of the carbo- 
naceous material floated on the slag so that either 
their carbonsupplying effect was greatly dimln- 
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ished, or overheating of the roof resulted, or both. 
For instance, the carbon-supplying effect of met- 
allurgical coke is due for the most part fo a com- 
bination of carburization of the solid metal by an 
5 atmosphere of carbon monoxide provided by the 
coke belote substantial melting takes place, of ab- 
sorption of the carbon by the mo]ten metal, and 
of forming a reducing atmosphere above the melt 
by floating on the slag thus protecting the carbon 
l0 already in the molten metal from the oxidizing in- 
fluence of the flame. The former phenomenon 
could hot always be relied upon since there was 
danger of the solid metal becoming decarburized 
belote it melted during the ear]y part of the heat, 
15 and the last phenomenon ]ed fo overheating of the 
roof. Some of the carbonaceous materials also 
burned during charging or during delays in charg- 
ing so that their carbon-supplying effect was 
either greatly diminished or ]ost, and others added 
20 sulfur and other undesirable impurities to the 
charge. If is obvious that all these conditions 
are detrimental in the commercial production of 
steeL 
If is, therefore, a principal object of the present 
25 invention fo provide a process for the manufac- 
ture of steel wherein a particular carbonaceous 
material may be relied upon fo supply af least 
a portion of the carbon to the system, in which 
process the above set forth difficulties are hot 
30 encountered. 
Another princiPal object of the present inven- 
tion is fo provide a process for the manufacture 
of steel whereby af least a portion of the normal 
carbon-supp]ying material, namely pig-iron, may 
35 be eliminated, and in which process the above- 
mentioned difficu]ties are hot encountered. 
Another object is fo provide a process for the 
manufacture of steel in which af least a portion 
of the pig iron may be eliminated and in which 
40 the carbon content of the resulting steel may be 
. readfly and consistently controlled. 
A further object is to provide a process for the 
production of steel by the open hearth process 
wherein a particu]ar carbonaceous carbon-sup- 
45 plying agent is substituted for at least a portion 
of the normally present pig iron, in which process 
less carbonaceous carbon-supp]ying agent is 
quire for a given carbon content in the result- 
ing molten steel than heretofore. 
50 A further object is fo provide a process for the 
manufacture of steel by the open hearth process 
wherein the rime required to completely melt the 
charge is substantially less than in prior open 
hearth procedures wherein carbonaceous mate- 
55 rials were employed. 
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Stfll anotheï object is to provide a process for 
the manufacture of steel by the basic open hearth 
method wheïein a carbonaceous carbon-supply- 
ing material is employed and in which process the 
carbon-supplying elïect of the carbonaceous 
terial is hot deleteriously s2ïected by delays and 
variances in chs, rging times. 
Further objects wflt be apparent from a con- 
sideration of the following specification and 
claires. 
In accoïdance with the pïocess of the present 
invention theïe is supplied to the steel-making 
furnace, and as paït of the charge, a predetr- 
mined quantity of dense, bead-like carbon gran- 
ules of the type hereinafteï more fully descïibed. 
The carbon beads or gïanules replace at least 
a substantial portion of the pig iron nm'mally 
chaïged fo the ïurnace, and except for this factor 
with its attendant consideïations, the process 
proceeds substantiaIly the saine as the well- 
known steel-making operation for producing steel 
in that the charge containing, besides the carbon 
granules, iron-supplying ingredients and other 
normal additives is subjected to intense heat to 
pïovide a bath of molten metal possessing a spe- 
cifled carbon content, the melt further reflned if 
necessary, and finaIly tapped. 
leïerring speciflcally to the carbon granules 
employed as carbonaceous carbon-supplying 
agent in accordance with the prescrit invention, 
they are essentially the product obtained by de- 
positing carbon, by the thermal decomposition of 
a hydrocaïbon, within the interstices of conven- 
tional carbon-black pellets. Carbon-black pel- 
lets, as is well known, are ruade by consolidating, 
either by a wet or a dry method, carbon black 
particles into discrete, spherical pellets. Actual- 
ly, the carbon-black particles become gathered in 
small agglomerates, and these agglomerates are 
gathered together into pellets ranging in size be- 
tween about 6 mesh and about 6'0 mesh, although 
Iarger sizes have been marie as high as about 1 
inch in diameter. These peIlets are porous and 
friable in character and have an apparent density, 
that is, density in bu]k, of from about i2 to about 
28 .pounds peï cubic foot, and while they are 
sufliciently cohesive to permit shipment in bulk 
they are easfly crushed, and may be crushed be- 
tween the flngers. These pellets are, however, 
useless for the purpose of the presentinvention. 
The carbon beads or gïanules employed in ac- 
cordance with the process of .the prescrit inven- 
tion are prepared by subjecting the above-de- 
scribed conventional carbon black pellets, in a 
glowing or incandescent condition and ata tem- 
perature between about i400 and about 3500 ° F., 
fo a stream of hydrocarbon, in the gaseous state 
(such as methane, natural gas, propane, vapor- 
ized mineral oil, and the like). The hydrocarbon, 
upon coming into contact with incandescent car- 
bon-black pellets, decomposes depositing carbon 
within the interstices of the original pellet. Dur- 
ing the treatment there is little or no detectable 
change in the size or shape of the original pellets, 
however, their density continually increases, the 
degree of increase depending upon the length oï 
rime during which the pellets are subjected to 
the treatment and the temperature of treatment. 
That is to say, the higher the temperature of 
treatment and the greater the length of rime of 
treatment the greater will be the incïease in 
density. Thus, apparently the carbon deposition 
takes place principally within the interior struc- 
ture of the pellets with but a very rhin film on the 
exterior surface. 

By this method, deposition of 75 
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the carbon can be continued untfl the pellets are 
substantially saturated with the deposited carbon 
in which case a very hard and dense structure is 
obtained possessing an apparent density as high 
5 as 65 lbs. per cubic ïoot. Ordinarily, however, dep- 
osition is discontinued at a point short of satura- 
tion, and the treatment may be of relatively short 
duration to provide an apparent density of as low 
as 30 lbs. per cubic foot. Thus, the carbon gran- 
10 ules employed in accordance with the present 
process will possess densities within this range, 
and pïefeïabIy the carbon granules wfll possess 
an apparent density of ai least 35 lbs. per cubic 
foot. 
15 The pellets thus prepared are hard, non-friable, 
substantially spherical bead-like carbon bodies 
possessing highir apparent densities than the 
original pellets, the exact increase in density de- 
pending, as stated, upon the leng.th of rime and 
20 temperature of treatment. They cannot be 
crushed between the flngers, and, as the density 
increases the ïesistance to crushing increases un- 
tri in the uppeï range of densities the granules 
cannot be crushed even by stepping on them. In 
25 addition, as the result of the treatment, other 
changes take place within the original pellet. For 
instance, as the density increases, the purity with 
respect to carbon also increases, and the dull 
black appearance of the original carbon black 
30 pellet gradually changes through a grayish to a 
light gray appearance and thence to a silvery 
luster. Furthermoïe, and of prime importance 
from the standpoint of the present invention, the 
original carbon black pellets, which would be 
35 useless in the manufacture of steel, are converted 
by the treatment, into material particularly suit- 
able for use in the manufacture of steel, .in that 
the granules possess marked resistance toburn- 
ing or other deterioration in the furnace belote 
40 .the metal bas melted. 
Whfle the exact-reasons for these phenomena 
are not ïully understood, it is believed that the 
carbon deposited within and upon the original 
carbon black pellets is a form of crystalline gra- 
45 phitic caÆbon. Speciflcally, it is believed that this 
crystalline carbon is a dense form of microcrys- 
talline graphite referïed to as glance carbon by 
iley and liley in "Deposition of Carbon on Vit- 
reous Sitica" in the Journal of the Chemical 
5O Society for September 1948, on pages 1362 fo 1366. 
GIauce carbon exists in the ïorm of hexagonal 
Iamellae in ï-flms only a few atoms in thickness, 
and imparts a luster to the surface upon which 
it is deposited. Apparently, during the cracking 
55 of the hydrocarbon, the individual carbon black 
particles making up the agglomerates in the pel- 
lets, and possibly the agglomerates themselves, 
serve as nuclei upon which the deposition of 
glance carbon is favored. The glance carbon.thus 
6O becomes deposited on the individuat particles,, and 
possibly to some extent on the individual agglom- 
erates within the pellet, forming a continuous 
bond or matrix within the original pellet. This 
dense matrix of crystalline graphite accounts for 
65 the marked increase in hardness and resistance 
to crushing even after an increase in apparent 
density oï only a ïew pounds. The rhin film of 
glance carbon deposited on .the surfaces of the 
external particles or agglomerates of the pellet 
70 account for the change in appearance. This coat- 
ing and impregnation with glance carbon, along 
with .the incriased hardness, strength and 
density, is believed to account for the resistance 
.of the pellets against burning .or other deteriora- 
tion in the ïurnace. However, when the metal 
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has melted, the glance carbon, which is readfly 
soluble in the molten metal quickly dissolves 
therein. The dissolution oï the glance carbon re- 
leases the very fine carbon black particles, which, 
because oï their size and surïace area, are also 
quickly dissolved by .the molten metal. In ad- 
dition, the temperature and hydrogen-rich at- 
mosphere to which the carbon black pellets are 
subjected during the treatment aIso pIays an im- 
portant part in reducing the volatile content of 
the original pelIet and eIiminating any Iast traces 
of deleterious impurities such as sueur. 
leferring again to the process of the present 
invention, since the present invention is particu- 
larIy applicable to the manufacture of steel by 
the well-known basic open hearth operation, the 
process will be .described herein with particuIar 
reference to that operation. Thus, in accord- 
ance with the preferred embodiment of the in- 
vention, the above-described carbon granules are 
included in the charge to the basic open hearth 
furnace, and in the basic open hearth procedure 
for making steel. The basic open hearth method 
of making steel is too well known fo require de- 
tailed discussion here. GeneraIly speakLng, in 
the ordinary open hearth operation the charge 
comprises pig iron (solid or molten) and other 
iron=suppIying h;redients such as cast iron, 
turn scrap steel (e. g. defective or broken steel 
ingots, turnLngs, cuttings, etc.), scrap steel, iron 
ore, and the Ilke, the pig iron, and any cast iron, 
serving aiso as the main carbon-supplying in- 
gredients; and limestone or a mixture of lime- 
sone and lime, to provide the lime-boil and basic 
slag-foïming materials. When the terre "lime" 
is used herein it will be understood to mean lime- 
stone (includLng dolomite), or a mixture of lime- 
stone and calcined or burned lime. The relative 
amounts of ingredients, whi!e subject to wide 
variation depending upon their nature and the 
type and quantifies of impurities therein, are 
generally proportioned fo eliminate as much oï 
the sflicon, rnanganese and phosphorus as possi- 
ble from the metal by oxidization thereof to 
ides followed by formation of calcium salts of the 
oxides and reention of these salis in the slag; 
to provide the desired amount of metal, and to 
provide a predetermined carbon content in the 
metal ai the rime if has melted. 
in accordance with the present invention, as 
stated, at least a portion of the normal main 
carbon-supplying agent,-the pig iron, is elimi- 
nated and the described carbon granules are sub- 
stituted therefor, the loss of iron due to elimina- 
tion of that portion of pig iron being ruade up, 
of course,, by inexpensive, low-carbon materials 
such as scrap steel. The amount of pig iron 
replaced by the carbon granules may vary widely 
and all the pig iron may be eliminated if desired. 
As a general rule the carbon granules will be 
employed in an amount at least substantially 
equal to the carbon equivalent of the pig iron 
eliminated. 
A convenient method for determining the 
amount of carbon granules to be employed in any 
particular case, is in terres of the "carbon equiva- 
lent" of the charge required for any given carbon 
content desired in the molten metal. "Carbon 
equivalent," as is well-known in the art, refers 
to a percent by weight, based on the weight of 
the metal charge, of the carbon present plus the 
percent by weight of that carbon which is stoi- 
chiometrically equivalent, in terres of deoxidiz- 
ing power, to the oxidizable non-ferrous metals 
present, i. e..silicon, manganese and phosphorus. 
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For this purpose the carbon is assumed to be 
oxidized to carbon monoxide, the sflicon to silicon 
dioxide, the manganese to manganese oxide 
(MnO), and the phosphorus to phosphorus 
5 pentoxide. Taldng 100 pounds of a certain pig 
iron for exampIe, which contains 4.15% carbon, 
.85%of siIicon, 1% of manganese and 0..% 
phosphorus, the carbon equivalent of the pig iron 
is the sure oï 4.15 plus .4/.8 rimes 0.85%, plus 
lO 1./55 rimes 1%, plus 30/31 rimes 0..%, or a car- 
bon equivalent of about 5.3%. The same prin- 
ciples appIy in determining the carbon equiva- 
lent of the charge. 
NormaIly, the carbon equivaIent of the charge 
15 to the open hearth furnace, may range from as 
low as about 1.2% fo about 4% based on the 
weight .of the metal charge, the exact carbon 
equivalent chosen depending primarily upon 
whether the product steel is to have a low carbon 
20 content, for instance as low as .02%, ahigh carbon 
content, for instance as high as 1.30%, or an 
intermediate carbon content. The pig iron, and 
cast iron if present, provided the buIk of this car- 
bon equivalent in prior open hearth operations. 
25 In accordance with the present invention where- 
in at least a portion of the pig iron is repIaced 
by the described carbon granules, the granules 
wfll usuaily provide at least two-tenths of the 
carbon equivaIent of the charge, aIthough cer- 
30 tain of the advantages of the present invention 
can be realized when the carbon granules make 
up as little as about one-twelfth of the carbon 
equivalent of the charge. Preferably, the car- 
bon granules make up at between about one- 
35 fourth to about one-half of the carbon equivaIent 
of the charge. Since all the pig iron may be 
eliminated if desired, the carbon granules being 
relied upon to furnish the buIk of the required 
carbon equivalent, the carbon granules may fur- 
40 nish as high as thre-fourths of the carbon 
equivalent of the charge to the furnace. 
In charging the.carbon granules to the furnace 
a wide variety of techniques is avaiIable, the se- 
lection of which will depend upon various factors 
.t3 including the nature and type of iron-suppIying 
ingredients available, for exampIe, whether the 
scrap, is bulky or fine, whether pig iron is to be 
employed and if so whether if is to be added to 
the furnace in a solid or molten condition, 
50 whether iron ore is to be employed, and the like. 
Norma!ly the carbon granules wilI be positioned 
near the bottom of the charge either in admix- 
ture with an initial charge of scrap steel or sand- 
wiched between an initial layer of scrap steel and 
55 a further layer of scrap steel. Preferably, the 
carbon granules are sandwiched between layers 
of light section, fiat steel scrap. In any event, 
the major portion of the iron-supplying ingredi- 
ents wfll be charged above the carbon granules 
60 in the furnace, the burned lime and limestone 
preferably being positioned above the carbon 
granules and below the balance of the iron-sup- 
plying material to provide a good lime boiL 
Whm'e p.ig iron or cast iron is to be added it is 
5 generaily.added after ail the scrap bas been 
charged to the furnace. Other ingredients which 
are normally added to the furnace for particular 
purposes may be added in the present process at 
the appropriate rime. For example, if nickel- 
0 copper- or chromium-containing steels are to be 
ruade, the nickel, copper and/or chromium may 
be added fo the furnace with the charge in the 
form of scraps, nickel- copper- and/or chromium- 
containing steels, solid Copper, nickel and/or 
75 chromium, or in the form..of.varous alIoys such 



a fero-chromium, in. accordance with. well. 
known practice: In addition , it;isnot:necessaïy 
that the carbon granules be.the solWcarbonaceous 
materia] employed: For instance, as wi]]:, be 
pointed out hereinafter in connection= with Ex- 
ample V, advantages of the pr.esent, inventiozz 
may be realized when the carbon.granules, are 
used in conjunction with.other carbonaceous ma- 
terials such as metallurgical coke. However 
when such other carbonaceous, materialS are em- 
ployed, the carbon granules will mak.up.,not less 
than about 50% of the combined-carbonaeous 
materials. 
During charging, the ïurnace .will.be..ai;.or near 
operatin temperatures, for' instance between 
about 2600 F. and about 3200 F.: in accordance 
with normal practica so. that the bottom of:ithè 
ïurnace will be. hot. to prevent the freezing:, of 
the molten metalas it-trickles:down through-the 
charge. Heating andmelting-of:the moral, there-  
fore, take place durir charging and'in.the: cases 
where bulkF pieces of scrap are employed it is 
offert necessary that these be melted down. to 
make room for additional charge.: There are 
oïten delays in charging' due to breakdown" of 
charging equipment or diversion of the use of this 
charging equipment, fo another: furnace: These 
delays cause the portion of the moral and other 
inredients (including the carbonaceous-mate- 
rial.) to be exposed for. an. abnormal, length, of 
rime to. the oxidizing atmosphere, of the fur- 
nace. As will be pointed out. hereinafter, the 
carbon granules employed, in accordance-with 
the .present invention are no deleteriously af- 
fected durin ttiese, delays: as. were other, car- 
bonaceous materials. After the addition of. the 
carbon granules to-the furnace,, the remaining 
sçeps, coincide with the- well:lïnown, basïc_ open- 
hearth operation. 
Dtu'ing and after melting, chemical..reactions, 
which are well-known to those familiar with the 
manufacture of steel, take plàce, in the furnace. 
For instance, the silicon, and. phosplorus. 
corne oxidized to acidïc oxides. Tlïese oxides are 
in turn neutralized, and ultimately end up: in the 
slag mainly as calciunsalts; M.ánganese is also 
oxidized, the. manganese oxida being retained, 
as uch, in the slag.. S0me.of the.sulfur.iscon- 
verted fo sulfides, sflfitesandsulfates which are 
held in .the slag.. Part- of the. carbon, both.that 
supplied by the. carbon-containing metal charge 
ingrediezits and by the carbon .granules,'.also/be- 
cornes oxidized. The carbon: granules apparently 
first dissolve in the. molten, metal and then a 
portion thereof, along with the carbon already 
present in the metal:ingredientS is oxidîzed» part- 
ly through reaction with iron oxidè, reducing--the 
oxide to metallic iron; partly.through.:reactîon 
with the carbon dioxide liberated by the cal- 
cination of the limestone and partl due fo .the 
oxidizing atmosphere of the furnace. /k portion 
of the carbon, of course, remains.-behind dis-. 
solved in the molten metal fo provide the«re - 
quired carbon content; 
After the metal is. completel melted it rnay 
further refined, if:necessary, inaccordance:with 
well-known procedures. Fo instance/-fulther 
carbon, silicon, sulfur or phosphor-uS maF. be 
removed, if necessary, by the addition, of.Fe203 
such as feed ore, or Fe30 sucl..as millïscale: 
Normally the carbon content of .the.molten moral 
is purposely set h-igher than .that requlred in 
the product steel. Ttïus,-during..subequent re- 
finement with- tle-further removal- of sflion , .sul- 
fur and manganese and- also.,carb0n/the - carton 
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content deczeases to thatdesired:iïi the pr0duct 
steel.. Also, after the meal has melted: en- 
trapped: gases and: solid impurities, in- the.molten 
metal.may-be  removed-by agitatión: AlloFs. may 
5 be. added, or the slag conditioned: to retáin sui- 
fur. and phosphorus and to rhin- it out, bY= the 
addition- of more lime and fiuxes such as fiuor- 
spar: After any refinement, the furnce is tapped, 
the. molten steel being rùn off into ladles fom 
I0 which if is poured.int0 ingotmolds. 
Tle use of the carbon granules of the-type 
described provides, mny important advantsges 
over the- use of' other carbonaceous crbon-sup- 
plying materials. In the first place ttie carbon 
15 granules are much more efficient in their carb0n- 
supplying capacity than other carbonaceous 
terials. For instance, a relatively small quntity 
ofthe car?óon- granules willprovide the saine car- 
bon s.upplying effect as a quantity of metallurgî- 
20 cal  coke. as much gs. two to three times greater. 
Ii addition, with the use of carbon, granules no 
danger of a foaming slag is encountered as bas 
been the case with metallurgical coke for exam- 
-ple. These two factors combine to permit the 
25 use .of: the carbon granules in operations or pro- 
ducing high carbon steel wïth the eIimination of 
a high proportion of plg iron, where owing to 
,the large, amount of metallurgical, coke. which 
would be required with its attendant deleterious 
30 foaming effect on the slag, it is virtually impos- 
sible, to employ metallurgical coke. Moreover, 
the carbon-supplying effect of the carbon gran- 
ules is much more consistent from heat to heat 
than. that of other carboziaceous materials. 
35 Whfle the exact reason, for this is hot fully 
understood; it is believed that.the:fi]m of glance 
carbon surrounding and impregnating each gran- 
ulè:prevents the carbon black therein from burn- 
ing. out before the. metal bas melted. The in- 
40 creased strength  and hardness, imparted by the 
deposited glance carbon; aids in this resistance 
fo deterioration. However, when the moral is 
melted  the.glance carbon, being readily soluble 
therein, quickly dissolves releasing, the fine car- 
45 bon black particles, which, because of thefl' size 
also.quickly dissolve in the melt. Thus, since 
the carbon-supplying effect of the-granules is 
due mainly to dissolution in tllemolten metal in- 
stead of to solid carburization or. to. a .blanket- 
50 ing efféctas is the case with other carbonaceous 
materials, and sincethe pellets exhibit remark- 
able stability at the. high temperature and other 
extxeme conditions encountered during charging, 
the granules for the mostpart are.hot adversely 
55 affected nor their carbon-supplying, power lost 
belote being-dissolved by themolten moral. Thns 
delays in charging, temporary breakdown in fuel 
supply, or varying melt down rimes/have little 
or: no efféct on the carbon-suppling, power of 
60 ttie carbon granules: 
The use of the carbon, granules of the type 
described in accordance with the present inven- 
tion also provides advantages over the prior open 
hearth operation wherein pig iron was the main 
65 carbon-supplying ingredient in addition to the 
obvious economic advantage of substituting ,the 
carbon ganules and scrap steel for pig iron. For 
instance, in the open hearth fm-nace, the extent 
to which carbon is lost by the pig iron increases 
'0 as th-e length of tri-ne of heating increases. Thus, 
becauseof this property.of pig iron, results were 
ofteninconsistent îrom hat to heat when vary- 
ing melt down. rimes were encountered due to 
delays: in. charging, or other factors, As pointed 
'5 out :above,. the car0onsupplyin- ;capacïtF of he 
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carbon granules is not affected signiflcantly 
such conditions. 
While the foregoing discussion bas dealt pri- 
marily with the basic open hearth procedure for 
the manufacture of steel fo which the present 
invention is particularly applicable, if will be 
appreciated that certain of the advantages of the 
present invention will also be realized in any 
procedure fol" the manufacture of steel wherein 
a charge comprising iron-supplying ingredients 
and carbon is subjected 
provide molten metal having a predetermined 
carbon content, including the acid open hearth 
process, the electric furnace process, and the like. 
In the acid open hearth process, for. example, 
where removal of sulfur is extremely difficult, the 
use oï the sulfur-free carbon granules in accord- 
ance with the present invention is particularly 
advantageous as compared fo the use of other 
carbonaceous materials, such as metallurgical 
coke, or even pig iron, each of which contains 
appreciable amounts of sulfur. 
The following examples are fo illustrate, but 
not fo limit the scope of the process of the presenç 
invention. In the examples, the carbon content 
of the meçal after complete melting is higher, in 
most cases 40 points higher, i. e..40%, based on 
the weight of the charge, han that desired in the 
product steel, in order fo allow for further carbon 
removal during subsequent reFming. The carbon 
granules employed possessed an apparent density 
of 35-40 Ibs. per cubic foot. 
Example I 
The ïu'nace used was a standard basic open 
hearth furnace having a capacity of about 180,000 
pounds of metal. The heat is supplied fo the 
furnace by off burners placed af each end of the 
furnace and fired alternately, developing a fiame 
temperature up to 3500 ° F. 
With the bottom of the furnace freshly pre- 
pared with dolomite and the burners on, a charge 
of 1760 pounds of carbon granules sandwiched 
between a layer of heavy melting scrap steel and 
a layer of return scrap steel was ruade to the 
furnace. After about 20 minutes, 2500 pounds of 
limestone and 4800 pounds of burned lime were 
added, followed by more return scrap sçeel and 
heavy melting scrap steel until 44,300 pounds of 
return scrap sçeel, and 75,180 pounds of heavy 
melting scrap steel had been charged. When 
this material had melted down sufficiently to 
make room, 2400 pounds of pig iron.and 39,180 
pounds of cast iron scrap were added. The car- 
bon equivalent of the metal ingredients was 
2.21%, and the carbon granules provided an addi- 
tional 0.92%, maMng a total carbon equivalent 
for the charge of 3.13%. The charging rime was 
4.67 hours. After a total time of 8.16 hours the 
metal was completely melted and ready for 60 
refinement and tapping. The molten steel pos- 
sessed a carbon content of 1.44%. 
Example 
In his example subsçançially the saine pro- 65 
cedure was ïollowed as in Example I except that 
t015 pounds of carbon granules, 7700 pounds 
limesone, 386O pounds oï burned lime, 71,000 
pounds of pig iron, 36,930 pounds o£ return scrap 
steeL 74,590 Dounds of heavy melçing scrap steel, 70 
and no cas iron were charged ço çhe furnace. 
The carbon equivalent of the metal ingrediens 
was 2.46%, and the carbon granules provided an 
addiçional .55%, giving a carbon equivalent 
çhe charge of 3.01%. The charging rime was 4.16 
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hours. After a total rime of 7.42 hours the metal 
was completely melted and the molten steel had 
a carbon content of 1.39%. 
5 Example III 
In this example substantially the saine pro- 
cedure was followed as in Example I except that 
2530 pounds of carbon granules, 7700 pounds of 
limestone, 3860 pounds of burned lime, 35,080 
1O pounds of pig iron, 49,540 pounds of return scrap 
steel, 93,940 pounds of heavy melting scrap steel, 
and no cast iron were charged fo the furnace. 
The carbon equivalent of the metal ingredients 
was about 1.55%, and the carbon granules pro- 
15 vided another 1.36%, giving a carbon equivalent 
for the metal charge of 2.91%. The charging 
time was 4.91 hours. After a total rime of 8.50 
hours the metal was completely melted and the 
molten steel had a carbon content of 1.12%. In 
20 this example, if the carbon granules had been 
eliminated and pig iron relied upon fo provide 
the saine carbon content in the molten metal, 
85,000 pounds of pig iron would bave been 
required. 
25 Example IV 
The procedure of Example III was followed 
substanially except 2,530 pounds of carbon gran- 
ules, 7700 pounds of limestone, 3860 pounds of 
30 burned lime, 35,000 pounds of pig iron, 50,020 
pounds of return scrap steel, 97,840 pounds of 
heavy melting scrap steel and no cast iron scrap 
were charged to the furnace. The carbon equiv- 
alent of the metal ingredients was about 1.55%, 
35 and the carbon granules provided an additional 
1.37%, giving a carbon equivalent for the charge 
of 2.92%. The charging rime was 4 hours. 
However, during the melting the off burners went 
off for an hour. After the off burners were again 
40 ignited, a total time of 9.83 hours had elapsed 
belote the metal was completely melted, af which 
rime the molten steel had a carbon content of 
1.12%. It will be noted that the hour of delay 
during melting did hot alter the efficiency of the 
45 caïbon granules. It has been round, when pig 
iron or other carbonaceous materials such as 
metatlurgical coke have been relied upon to sup- 
ply carbon, that variations in melting rimes cause 
variations in carbon content at melt. Thus, 
50 w-ere delays such as this have been encountered 
in an operation where pig iron and/or metallur- 
gical coke was relied upon as-the caibon-supply- 
ing material, extra pig iron had fo be added fo 
provide the desired carbon content in the melt. 
55 
Example V 
The procedure of Example I was followed sub- 
stantially except that 500 pounds of carbon gran- 
ules, 500 pounds of metallurgical coke, 7700 
pounds of limestone, 3860 pounds of burned lime, 
23,900 pounds of pig iron, 60,600 pounds of cast 
iron scrap, 38,200 pounds of return scrap, and 
58,940 pounds of heavy melting scrap were 
charged fo the furnace. The carbon equivalent 
of the metal ingredients was 2.73, and the carbon 
granules and metallurgical coke each provide an 
additional .27 %, to give a carbon equivalent for 
the charge of about 3.27%. The charging rime 
was 5.00 hours. After a total time of 8.45 hours, 
the metal was completely melted and the molten 
steel possessed a carbon content of 1.31%. 
Five heats were run using like amo.unts of lime- 
stone, lime, pig iron, cast iron scrap, return scrap, 
and heavy melting scrap, but using 1000 pounds 
75 of metallurgical coke (providing a carbon equiv- 
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alent of .54%, and a total caïbon equivalent for 
the charge similar fo the above) instead of the 
mixtuïe of this example. The aveïage chaïging 
rime was 4.64 hours, and the aveïage melting rime 
was 9.29 hours. The aveïage carbon contents of 
the molten metal for these rive heats was only 
0.93 %. 
Consideïable modification is possible in the 
selection of the particular metal-supplying and 
other normal steel-maMng ingïedients, and in 
the particular pïoportions theïeof, as well as in 
the vaïious techniques employed in chaïging and 
operating the fuïnace without departing fïom the 
cope of the present invention. 
I claire: 
i. In the manufacture of steel wheïein a charge 
comprising iron-supplying ingredients and caï- 
bon is subjected fo heat in a fuïnace to provide 
molten metal containing .a predeteïmined caïbon 
content, the impïovement which comprises add- 
ing to the furnace as part of the chaïge and as 
a carbon-supplying charge ïngïeoEent hard, car- 
bon granules compïising agglomerated caïbon 
black particles bound in a matrix of thermally 
deposited caïbon, said gïantfles having a particle 
size between about 6 and about 60 mesh, and hav- 
ing an appaïent density between about 30 a.nd 
about 65 pounds per cubic foot. 
2. The pïocess of claire 1 wherein said caïbon 
gïanules compïise between about one-twelfth 
and about three-quarters of the caïbon equîvalent 
of the chaïge. 
3. The process of.claire 2 wherein the charge 
has a caïbon equivalent of between about 1.2% 
and about 4%. 
4. In the manufactuïe of steel .wherein a charge 
compïising iïon-supplying ingredients and car- 
bon is subjected to heat in a fuïnace to pïovide 
molten metal containing a pïedeteïmined caïbon 
content, the impïovement which compïises add- 
ing to the furnace as part of the chaïge and as 
a carbon-supplying chaïge ingredient barri, caï- 
bon gïanules comprising agglomeïated caïbon 
black bound in a matrix of theïmally deposited 
caïbon, said gïanules having a particle size be- 
tween about 6 and about 60 mesh, and having 
an apparent density between about 35 and about 
65 pounds per cubic foot. 
5. The process of claire 4, wheïein said caïbon 
granules comprise between about one-twelïth and 
about thïee-quarteïs of the caïbon equivalent of 
the charge. 
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6. The pro.cess Of Clàim :5 wherein the charge 
has a carbon equivalent of between about 1.2% 
anal,4 %. 
7. .In 'the .manUfacture of steel by the basic 
open-hearth process wherein a charge compïisg 
iron-supplying mateïials, caïbon, and lime is 
subjected to heat in afuaceto pïovide molten 
metal cotaing .a predeteïmined caïbon con- 
tent,the pïovement Which compïises adding 
the face as part of the charge and as a car- 
bon-supping 6haïge in'eoEent haïd, carbon 
anules comprisg agglomerated caïbon black 
bound in a matrix, of thermay deposited carbon, 
said anes :havg a particle size between 
abou nd about 60 mesh, d hag an ap- 
païent ety .bew«en about 30 and about 65 
poun- per.cubi 
8. e ocess "o. cla  heïein said carbon 
granules compsebeween:about one-twelfth and 
abont:hrquas 'o the carbon equivalent of 
the crge. 
9. e process .6f :cla 8 hrein the charge 
-has a ,carbon equialent of between abouç 1.2% 
-and :about 4%. 
.BTOEY A. GILBERT. 
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